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INTRODUCT ION

The purpose of the project is to investigate the advantages of
pulse modulation, specifically as applied toward aecurlty and
Increased range of transmission with application to miniature

transmitters.

A careful study of the aveilable literature pertaining to pulse
modulation was made in preparation for the actual design of
squipment. A compilation of reference literature is included

in this report.

The report describes the initiasl work done on the firast pulse
eystem investigated. A Pulse Amplitude Modulation System was
designed and constructed. Tests were performed on the pulse

generator, modulator and demodulsator.

DISCUSSION

There 'are a number of features inherent in pulse modulation that
do not appear in the more conventional amplitude modulation and
frequency modulation systems, Some possible advantages of pulse
modulation are: Improved signals to noise; increased range of
transmissi on; since pulse power is utllized; and greater security,
inasmuch as special receivers are required. Furthermore, there
is a poasibllity of combining systems, such as pulsed frequency
modulation, for additional security.
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There are various pulse moéulasion systems that have been de-
veloped 1h the field, Amoné these are found: Pulse amplitude;
pulse time or pulse position, which in a2 modified form 1s pulse
phase modulations pulse width or pulse duration modulation; eas
wéll as pulse code modulation, Equipment will be designed and

comparative tests performed for the various pulse systems.

PULSE AMPLITUDE MODULATION

The first system to be considered was pulse amplitude modulation
(P.A.M,)., The design and experimentation deseribed in this
report was on the basis of a P, A. M, system, The following is a
description of the equipment which was developed.

. Reference to Figure 1, will indicate the general outline of a
pulse amplitude modulated transmitter, The first section,
Figure 3, is the pulse amplitude modulator., The first stage

is a multivibrator. This determines the pulse repetition rate
which was chosen as 8,000 cycles per second. A conservative design
basis for the ratlo of pulse repetition rate to highest audio
frequency is 2,5. Using that as a criterlon, the highest
modulating frequency would be 3,200 cycles per second, This
audio range is completely adequate for specch communication. In
addition, this cholce of pulse repetition rate enabled the use of
uncomplicated filters at the receiver. On the basis of an 8,000
cycle per second repetition rate the pulse cycle occupied a 125
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microsecond interval, The pulse width was chosen as 10 miéra.

seconds to provide an effective duty cycle for the transmitter,

vThe rise time of the pulse measuredvfrem the 10% to 90% amplie
tude pointa, was on the order of 0.5 micrcseconds, In_ordeé to
pass the pulse without lengthening the rise time or otherwise dis-
torting the shape, a video amplifier with e frequency response

of 1 megacycle was required. In a similar manner the psdio fre-
quency stéges should be designed to accommodate side bands of 1
megacycle. This requirement for wide bandwidth is the greatest

- disadvantage of commercial pulse communication syetems. The
bandwldth requirement can be,most readily¥mé£}by the ﬁse of an
ultra-high frequency or microwave systemy in which case the

ratio of bandwidth to carrier frequency would be negligibly small,

The multivibrator output was designed as a negative pulse. This
was fedvinte a gaturated smplifier, which acted a8 & limlter and
shaper. The output of ﬁhe limiter provided a positive well shaped
pulse. The third stage was a dual-grid gated tube. The pulse

was placed on the limiter grid of the gated tube. The audio
signal was fed lnto the quadrature grid of the gated tube. The
output was a pulaevwhoée amplituda varied with the audio empli-
tude, at a rate determined by the frequency of the audio signal;
and was single polarity pulses. This P,A.M. signsl was passed

to the final stage, a cathode follower, which in turn provided
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'a 1ow 1mpedance output to the transmission line feeding the

R. Fo 890%102‘1-

The R.Fg section, Figure I, conslsts of an R.F. osciilatnr,
amylifier, power amplifier and modulator, The R.F. oscillator
was . crystal controlled for frequency stability. Ihé'outpﬁf\was
lightly coupled to e buffer amplifier, The third stage, R.F.
power amplifier, was grid modulateé. Grid modulation was
chosan as the mﬁat practical nethod, inasmuch as the amplitude .
of the modulating signal available was 1imited. The output of
this stage was an R.F, carrier, pulse amplitude modulated, The
médulator received and amplified P.A.M. signals, A pulse trans-
former coupled 1ts output to the grid of the R.F. power ampli=
fier for grid modulation, |

Figure 2 is a block disgram of the receiver section of the
system. The first block represents part of a commercial Hammar-
lund receiver HQ-129-X. It was decided to use this to take
adventage of exlsting astages. The first stage was an R.F. amplie-
fier or pre-selector, This tuned to the R,F. cavrrier which was
modulated with a P,AM, &ignal. The second stage was the cone
}verter, and stages 3 and L were the first and second I,F,
amplifiers. The tube of stage 5, or third I,F. amplifier, was
replaced by a plug-in vector chassis. A receiver will be de-

Pege L
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signed to accommodate the wide bandwidth requirement.

Figgrefg;ié a schematic diagfam of the pluge-in unitd‘ The
first stagé was the replacement tube for the third I,F. ampli-
fier of the receiver. Thefsééoné stage was a cathode folloﬁer
- which provided a.law 1mpedan§e Ouzput<ta'the coexial ceble that
connected with the dempdulstor chessis. This output signal

was an I.F. carrier‘with,9.A;M. modulation,

Figure 6 i1s the final chassie in the receiver section, The
first stege wes an I.F. amplifier. This coupled the signal to

a conventional I.F. detector, whose output was amplitude modu-
lated pulses. The secand half of this stage was a video
amplifier which increased the P.A.M. signal, Following the
second stage was a low pass filter which acted as a demodulator,.
aepérating'the pulse from the audio signal, Por additional
filtering a twin-Tefilter tuned to 8,000 cycles per second com-
pletely eliminated the pulse repetition frequency. The last
stage:was an audlo powér amplifier, ﬁhich in turn fed an ex-

ternal loudspeaker.

Tt 1s usual in the design of pulse demodulators to accommodate
distortion resulting from "asperture effect". This pertains to
the theory that & pulse which is infinitesimelly narrow has a
flat frequency response, whoreas pulses of finite duration do
not. To compensate for the distortion of pulse shape introduced

by virtue of stages of limited bandwidth, 1%t is conventional to
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include equalizers in the demodulator sections,

However, the pulse used in this equipment had a repetition rate
of 8,000 cycles per second, or & cycle intervael of 125 microe
seconds, The pulse width was 10 miocroseconds or 8 per cent of
the pulse cycle., Thls made it possible to ignore the usual
requirements for equallzation due to aperture effect. An
excellent discussion of this is found in "Modulation Theory,"
by He S, Black,

REFFRENCE STUDY

A careful study wes made of available literature on pulse
modulation, It was found that most of the articles were cone
cerned with methods and systems of multiplexing. The primary
problems of multiplexing are bandwidth, eross modulation and
synchronization. These are of no particular concern in this
investigation, since we are dealing with & single communication

channel,

Tho articles directly relating to this work were primarily con-
cerned with pulse time modulation, The most complete reforence
was " odulation Theory,"™ by H, S, Black. This text was used

as the basls for theoretical analysis and design of equipmoent.

The followlng papers were of particular interest. They are
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numbered in accordance with their listing in the bibliography.

-

"New Method of Wide Band Modulation of Pylses"
by Parks and Moss,

The suthors describe a system of pulse-width
modulation, Including design criteria for
modulators and demodulators. : -

- #7 ~"Time Modulation" « By B, Chance

48 -

o #20 -

CONCLUSIONS

and

"Pime Demodulation® = by: The same author,

The artlcles concern the analysis and design of
pulse poeltion modulator and demodulator,

"Mul ti-Channel Communication Systems®
By: Roberts and Simonds

The authors dlscuss the various methods of pulse
modulations emphasizing the advantages end dige
advantages of each as applied to multi-channel

systems,

AND FUTURE WORK

The reference study of available literature on pulse modulation

was useful from the viewpoint of theory and analysis, Never-

thelesg, it

'did not provide practical circuitry that could be

incorporated in the system,

Equipment was designed for a pulse amplitude modulation system,

The audlo signal wasg properly reproduced gt the démoﬁulator

on a closed circuit basis. In these tests the modulator chassis
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wes connected directly to the demoduletor unit.

It 1a_piaﬁne& to complete the ad justment of the transmitter,
‘The eﬂuipﬁant will be tested on a system basls, Further, video
emplifiers will be designed, These amplifiers, used in cone
junction with the pulse amplitude modulator will result in
suffticient P, A, 1. s8ignal to éngblevhigh level modulation at
the transmitter, This, in turn, will result in greater peak

carrier power output.

In sddition, and concurrent with the work on the P, A U,

system, a pulse time modulation systenm will be designed. Equips
P msnt will be bullt for e direct campafisen of the results with
- the P, A. M, system.

, Page 8
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